INTRODUCTION
As global climate is constantly changing, there are an increasing number of regions that have been affected by global warming. At present, nearly 40% of the land area around the world is faced with arid or semiarid conditions (Kawai et al., 2014; Parr et al., 1989) . By 2025, drylands may occupy 48% of the global land surface (Huang et al., 2016) . It is very hot and rarely rains all the year round in these arid and semiarid areas, which has severe negative effects on the morphologies and physiological processes of local plants. Therefore, drought has become one of the major abiotic stresses affecting the growth and development of plants.
As the global economy grows, especially in some regions of China, the continuous improvement of living standards makes people pay more attention to the ecological environment of urban areas, thus resulting in the great progress of urban landscaping. However, the water consumption of landscaping irrigation keeps increasing, which is in fierce competition with the water supply for agriculture, forestry and industry, especially in the regions with water shortages. This intensifies the contradiction between the shortage of water resources and the constantly increasing water demand of human beings. To realize the sustainable development of modern urban landscaping in the cruel reality of water shortages and enrich the diversity of plant communities and species in urban landscaping, landscaping practitioners have found that selection of plants with high drought-resistant is the best choice.
Drought is one of the major environment stresses that have a wide range of impact on plants. In this study, seven physiological indexes including the content of soluble protein (SP), chlorophyll (Chl) and malondialdehyde (MDA), superoxide dismutase (SOD) and peroxidase (POD) activities, leaf relative water content (RWC), rate of water loss (RWL) from excised leaves were measured in leaves of Iris germanica before and after the drought treatment. It was found that the content of MDA and SP, POD and SOD activity increased, while RWL and RWC decreased in response to drought stress. Based on the subordinate function values of seven physiological indexes, seven single indexes were transformed into three principal components namely damage degree, active oxygen removal ability and moisture condition and the composite score (F value) of each iris variety was calculated by principal component analysis (PCA). Based on the F values, 10 iris cultivars could be divided into three groups by cluster analysis (CA): drought-resistance (2 varieties), medium drought-resistance (5 varieties), and low drought-resistance (3 varieties). Meanwhile, optimum regression equation was constructed. Therefore, this work provides a comprehensive and reliable method for evaluating drought resistance in the varieties of Iris germanica.
The genus Iris is a winter-hardy, herbaceous perennial floral plant that includes over 300 species, distributed mostly across the northern temperate zone (Cerasela et al., 2014) . As one of the important plant sources in urban landscaping, the genus Iris can make up for the deficiency of trees that grow slowly to achieve better effects of landscaping within a short term. Iris germanica is a species belonging to the genus Iris. It has large flowers in rich and bright colors and is widely used in landscaping. However, there is a high cost of conservation in the landscaping. The drought-resistant Iris germanica can effectively save manpower and water resources (Zhang and Chen, 2013) . Therefore, the selection of high level of drought tolerance in Iris germanica has been one of the important factors to be considered in the allocation of plants for urban landscaping.
Currently, many scholars have provided large quantities of reports on the drought resistance of plants, mainly focus on the following fields: the condition of plant growth (Khalid, 2006; Rodriguez et al., 2005; Zhang et al., 2015b) , the anatomical structures of leaves (Kutlu et al., 2009; Zhang et al., 2015a) , the change of protective enzyme activity (Guan et al., 2015; Weng et al., 2015; Yang et al., 2014b) and the water metabolism and osmotic adjustment of plant tissue (Fu et al., 2016; Soltys-Kalina et al., 2016; Yasmin et al., 2013) . With the constant development of more advanced apparatus for research, photosynthesis and chlorophyll fluorescence have also been applied in studies on the drought resistance of plants (Elsheery and Cao, 2008; Hassan, 2006; Liu et al., 2015; Ohashi et al., 2006; Zhang et al., 2015b) .
As there are many indexes on the drought resistance of plants, the drought resistant characteristics of plants are embodied in the comprehensive results after cells under drought stress change adaptively in their morphological structures, physiology and biochemistry, as well as on the molecular level. This is a complex biological process under the effects and regulation of multiple intrinsic and extrinsic factors. Though the results of some studies are not quite the same, scholars have reached consensus on taking different aspects into consideration rather than simply using one index to reflect the drought resistance of plants. The subordination function analysis (SFA) is one common method used in the evaluation of drought resistance. However, using only SFA in the evaluation is one-sided (Shi et al., 2010) . Principal component analysis (PCA) can be used to accurately determine the weight of each index, and to find a few of the principal components that can control all the variables (Karamizadeh et al., 2013 ). Xu Jun et al. (2007 hold that PCA is a data analysis method by reducing the dimensionality when large multivariate datasets are analyzed. PCA and SFA can be widely used together for drought resistance evaluation in barley (Wang et al., 2007) , Lolium perenne (Shi et al., 2010) , Spinacia oleracea (Shen et al., 2012) , cotton and marigold (Tian et al., 2011) .
Previous studies of the genus Iris are mainly concentrated in pollen morphology (Oybak Dönmez and IşIk, 2008; Pinar and Dönmez, 2000) , cytogenetic karyotype analysis (Karihaloo et al., 1993) and genetic diversity analysis (Azimi et al., 2012; Cerasela et al., 2014) . The researches on plant resistance to salt stress and heavy metal stress also have been partly studied (Bai et al., 2008; Han et al., 2007) . Though the comparative studies of the drought resistance in the genus Iris have been made previously (Shi et al., 2007) , there is no report on the physiological-biochemical characteristics and the comprehensive evaluation for drought resistance in Iris germanica exposed to drought stress. Therefore, in this study, we examined seven important physiological indexes in 10 varieties of Iris germanica before and after the drought treatment. Mathematical statistical analysis was applied to comprehensively evaluate and classify the drought resistance of iris cultivars.
Stepwise regression analysis was carried out for selecting physiological indexes. Thus, the drought-resistant iris varieties that we screened can be preferentially applied to the arid areas for the landscaping. And this method for evaluating drought resistant in iris can also serve as a reference for other plants.
MATERIALS AND METHODS

Plant materials
Ten varieties of Iris germanica L. ('Purple Flower', 'Bloodstone', 'Tawny', 'Golden Baby', 'Bronze Red', 'Navigation Banner', 'Adventure', 'Dwarf Dream', 'Purple Glow' and 'White Calyx') were used in this study, which were collected from the Institute of Horticulture at Shanxi Academy of Agriculture Sciences (China, CH-SX.). The region is 'Dwb' climate zone, according to the classification of Köppens, which belongs to the north temperate continental monsoon, with annual light period length of 2402.2h and the average frost-free period of 202d. The annual average temperature and rainfall is 9.5°C and 456 mm, respectively.
Malondialdehyde
Malonadehyde (MDA) content was measured by the thiobarbituric acid (TBA) reaction (Weng et al., 2015) . Approximately 0.15 g of the fresh leaves was homogenized in 3 ml of 5% trichloroacetic acid (TCA) on the ice bath. The homogenate was centrifuged at 4000 rpm for 5 min. And 5 ml of 0.5% TBA was added to the supernatant. The mixture was incubated (HH-M4, Herrytech Co., Ltd., Shanghai, China) at 100°C for 10 min, and then quickly cooled on ice. The mixture was centrifuged (TG16G, Herrytech Co., Ltd., Shanghai, China) at 1000 rpm for 5 min. Supernatant was collected and the absorbance (UV-2011, Shimadzu, CA, Japan) was monitored at 450 nm, 532nm and 600nm. The MDA content of the leaf was calculated using the following equation: MDA content (µmol/g F W ) = [6.452 × (D 532 -D 600 ) -0.559D 450 ] × V/W×1000, where V was a volume of the supernatant.
Leaf relative water content
Leaf relative water content (RWC) was assayed as described by Cristina Patanè et al. (2016) . The fresh leaves were cut and weighed. The result was recorded as fresh weight (Wf). Saturated weight (Wt) was measured after immersing leaves in water for 24h, and then the leaves were oven-dried at 70°C for 8h, and reweighed. The result was recorded as dry weight (Wd); The RWC of the leaf was calculated by the formula:
Soluble protein
Soluble protein (SP) content was measured by Coomassie Brilliant Blue G-250 staining (Fu et al., 2016) .
Rate of water loss
Rate of water loss (RWL) from excised leaves was measured by the method of weighing (Zhang et al., 2004) , with the following modifications. The fresh leaves were cut and weighed after washing by distilled water, and the result was expressed as previous weight (PW). Weight (AW) was measured after leaves were oven-dried for 1.5 h (T) at 27°C. The RWL was calculated by the formula: RWL (g/h) = (PW-AW)/T.
Chlorophyll
Chlorophyll (Chl) was extracted from leaves using 80% acetone (Yang et al., 2014) .
Peroxidase
The activity of peroxidase (POD) was determined by the method of guaiacol (Guan et al., 2015) . The oxidation of guaiacol was monitored by the changes in absorption at 470 nm for 3 min (t). The reaction mixture solution contained 50 ml 100 mM PBS (pH 6.0), 19µl 30% H 2 O 2 , 28µl guaiacol. The reaction was started by the addition of the enzyme extract to the reaction mixture solution. POD activity was calculated using the following equation: POD activity (ΔA 470 /min·g F W ) =ΔA 470 ×V T /W×V S ×t. ΔA 470 : the changes of absorption; V T : total volume of the extracted solution; V S : volume of enzyme solution for testing; W: the weight of samples.
Superoxide dismutase
Superoxide dismutase (SOD) activity was measured by the method of nitroblue tetrazolium (NBT) (Zhang et al., 2007a) . The reaction mixture solution contained 50 mM phosphate buffer (pH 7.8), 0.1 mM EDTA, 13 mM methionine, 75 µM NBT, 2 µM riboflavin and 100 µl of the supernatant. The reactions were started under two 15 W fluorescent lamps, and the mixture solution without supernatant was put in the same place. The identical solutions were stored under dark place served as blanks. Illumination was stopped after 10 min (t). The absorbance was measured at 560 nm against the blank. SOD activity was calculated by the equation: SOD activity (U/g·h F W ) = (A 0 -A S )×V T /A 0 ×0.5×W×V S ×t. U: the quantity of enzyme that inhibited the photoreduction by 50%; V T : total volume of the extracted solution; V S : volume of enzyme solution for testing; W: the weight of samples; A 0 : absorbance of contrast check; A S : absorbance of samples.
Treatments and data analysis
The study was conducted using iris cultivars of equal size which were grown in plastic pots (20 × 30 cm, 10 pots per variety and 3 plants per pot) with 2/3 volume of soil mixture of 65% peat soil and 35% surface soil in 2014. They were grown in the greenhouse with minimummaximum temperatures of 22-28°C, 30-50% humidity and light intensity of 200,000 lux. 2 groups of the plants maintained relative soil water content of 75%-80% and 25%-30%, respectively.
The center leaves of plants were taken after 0, 7, 14, 21 and 28 days of drought stress as test materials. Each treatment was repeated 3 times.
In this study, the results of physiological indexes were expressed as mean ± standard deviation. The fuzzy mathematical subordination function formula was used to carry out the transformation of original test data. If an index is positively correlated to drought resistance, subordinate function values were calculated as U (X) =(X-X min )/(X max -X min ); if an index is negatively correlated to drought resistance, subordinate function values were calculated as U (X) =1-(X-X min )/(X max -X min ), where X indicates the value of the physiological index of the iris cultivars, X min indicates the minimum value of the physiological index, and X max indicates the maximum value of the physiological index, and then, the software SPSS18.0 (SPSS Inc., Chicago, USA) was used to perform PCA (default method), correlation analysis (the Pearson method), CA (the furthest neighbor method) and stepwise regression analysis. Last, the proportion of the eigenvalue of each principal component in the total eigenvalue of extracted principal components was used as the weight to calculate the comprehensive evaluation value of the principal component, which was regarded as composite score (F value) for drought resistance in the iris cultivars exposed to drought stress. (Liu et al., 2013 
RESULTS AND DISCUSSION
Changes in physiological indexes in response to drought stress
Under drought stress, a series of physiological and biochemical reactions occur in plants (Liu, et al., 2005) . Before drought injury or death, the variation of physiological indexes can be used to predict the impact of drought stress on plant growth (Cao et al., 2015) . SP Mafakheri et al., 2011) , Chl (Ma et al., 2004; Zaefyzadeh et al., 2009) , RWC (Golparvar, 2012; Teulat et al., 2003) , RWL (Zhang et al., 2004) , MDA (Guan et al., 2015) , SOD and POD activities (Yang et al., 2014; Weng et al., 2015) which are closely associated with drought tolerance can be used as reference indexes for evaluation of drought resistance among varieties. And these indexes have been widely utilized for the study of maize, potato, soybean and wheat drought resistance (Bano et al., 2012; Mohammadkhani and Heidari, 2008; Paknejad et al., 2007; Wegener, et al., 2014; Zhang et al., 2007b) .
In our experiment, the data shows that the different iris cultivars exposed to drought stress were with different rising amplitude on the content of MDA, SP, POD and SOD activity. The largest increasing amplitude on SOD was 104 % in 'Adventure', while the least was detected in 'Purple Glow', which increased by 13.9 %. After drought treatment, RWL and RWC of all the iris cultivars decreased. RWC of 'Bloodstone' and 'Tawny' decreased only slightly, of these, 'Tawny' showed the smallest decrease of 3.4 % and RWL of 'Golden Baby' and 'White Calyx' deceased significantly. Chl content of all the iris cultivars also changed in response to drought treatment. The largest increase in Chl content, 35.1 %, was observed in 'Golden Baby', while the largest decrease was in 'White Calyx', where it decreased by 32.3 % (Table 1) . It meant that the iris cultivars showed different responses to drought stress and different varieties had different drought resistance ability. So it was difficult to analyze which iris cultivars were better based on the above indexes. And exploring a more appropriate method is essential for further evaluation.
Subordination function analysis
Many plants grown in drought condition physiologically and morphologically exhibit various adaptive strategies to (Qin et al., 2016) . Indexes of many aspects should be taken into account in the evaluation of drought resistance. The single index cannot accurately reflect the actual drought resistance of the plants. On the basis of the determination of multiple indexes, the quantitative transformation of the test data was carried out by SFA, which overcomes the one-sidedness of the single index in response to drought resistance (Zeng et al., 2016) .
At present, there are many studies on the comprehensive evaluation of the resistance of plants by SFA (Cao et al., 2015; Han et al., 2006; Shi et al., 2010) . In the present study, values of physiological indexes were used in SFA (Table 2 ). Using index of Chl as an example, the maximum subordinate function value was 1 for 'Tawny', while the minimum was 0, for 'Adventure'. This suggested that when only considering index of Chl, 'Tawny' showed the highest level of drought tolerance, while 'Adventure' had the weakest drought tolerance.
Correlation analysis
Correlation analysis of physiological indexes is shown in Table 3 . We found that there was a significant positive correlation between RWC and Chl content, the correlative coefficient of which was 0.843, while there was a significant positive correlation between MDA content and RWL, the coefficient of which was 0.647. This indicated that the decrease of RWC content in the drought stress caused the inhibition of chlorophyll synthesis, resulting in a decrease in Chl content (Paknejad et al., 2007) . Meanwhile, it was pointed out that the RWL content maintained at a higher level caused damage to the cell membrane of iris cultivars, and the membrane lipid peroxidation was enhanced, leading to the increase of MDA content which was the stable metabolite of lipid peroxidation products (Weng et al., 2015) .
Additionally, the remaining indexes were still correlated with each other to some extent, suggesting that the information they reflect overlaps. Consequently, if these indexes are used directly to evaluate the drought resistance of plants, the statistical results will produce a certain deviation. The similar view was also mentioned by Shi et al. (2010) that the comprehensive evaluation of drought resistance of plants using only subordinate function method also has some limitations.
Principal component analysis
PCA can avoid the interference of repeated information by converting multiple indexes into the new comprehensive and independent ones without losing original information (Zhang and Yao, 2005) . In this research, values for subordinate function of seven single indexes were transformed into seven new independent principal components by PCA. Table 4 shows that contribution rate of the first three principal components are 41.337%, 21.533% and 17.381%, respectively. As a result, the rate of accumulation of the first three principal components reaches 80.25 %, which is bigger than 80 %. Because the first several factors could be used to reflect the original evaluation indexes unless the total amount of the data information contained in the first several factors is not less than 80% . So the three principal components can be used for comprehensive evaluation of drought resistance.
As shown in Table 5 , the first principle component has two characteristics that acceptably correlated with component: RWL and RWC. Each of those characteristics was both moisture characteristics for screening drought resistance (Teulat et al., 2003) . So, the first principle component may be defined as comprehensive index of moisture condition. Principle component two has two characteristics that trend positively together. POD and SOD activities trend positively with each other. The activity of SOD was the only strong characteristic in principle component two. These two indexes mainly reflect active oxygen removal ability under drought stress (Yang et al., 2014) . So, the principal component two may be defined as comprehensive index of active oxygen removal ability. Principle component three has one characteristic: MDA content. As one of the final products of the plant cell membrane lipid peroxide, MDA can reflect the damage degree of plant under drought stress (Weng et al., 2015) . So, the principal component three may be defined as comprehensive index of damage degree. 
Evaluation of drought resistance in iris cultivars
The calculation of synthetic index is commonly utilized in the evaluation, which is convenient for comparison and statistical analysis (Shen et al., 2012; Tian et al., 2011; Wang et al., 2011) . According to the mathematical model of PCA, the standardized values (Table 6 ) of original variables were 
Stepwise regression analysis
At present, large amount of drought resistance indexes was reported by relevant literatures. So it is necessary to screen out important indexes in order to select the drought resistant varieties accurately and quickly (Hu et al., 2012) .
For this study, stepwise regression analysis was performed to select physiological indexes for the comprehensive evaluation of the drought resistance of the iris cultivars between the F value and the seven physiological indexes. The F value and seven physiological indexes were set as the dependent variable and independent variables, respectively. The optimum regression equation y=(-4.125X 1 +0.010X 2 -2.216X 3 )×10 was obtained by stepwise regression analysis. In this equation, X 1 , X 2 and X 3 indicate three physiological indexes, namely RWL and POD and MDA, of which the direct path coefficients were -0.387, 0.446 and -0.450, respectively, and the determination coefficient R 2 of the equation was 0.920. It showed that the three independent variables can determine 92.0% of the total variation of the F value that was 23.122, and the equation was significant. From the regression equation, it can be seen that POD activity and RWL, MDA of seven physiological indexes had a significant influence on the F value of the drought resistance of the iris cultivars, which meant they can be used as important indexes for the comprehensive evaluation of the drought resistance of the iris cultivars. The correlation analysis on the F value and the predicted value obtained by calculation with this regression equation showed that the correlation coefficient was 0.959 (P<0.01). This suggested that the equation can be used as a simple method to make a comprehensive evaluation of the drought resistance of the iris cultivars comparable accurately. Based on this method, the different formula was found by Hu et al. (2012) in rice who reported the equation can be used for comprehensive evaluation and the reliability reached 97.1%. However, since the formulas were constructed in the particular experimental conditions, the establishment of the formulas needed to have strict control conditions.
Clustering analysis
Cluster analysis was applied to objectively classify the iris cultivars based on their F values. With the furthest distance method, the 10 iris cultivars were clustered into three groups at a Euclidean distance of 12.02 (Fig. 1) . Two iris cultivars were placed in group I, including 'Purple Flower' and 'Bloodstone'; 'Tawny', 'Golden Baby', 'Bronze Red', 'Navigation Banner' and 'Adventure' were in group II; and the remaining three varieties, 'Dwarf Dream', 'Purple Glow' and 'White Calyx', were in group III. According to the F values of the groups, 10 iris cultivars were divided into three groups namely drought-resistance group (I), medium drought-resistance group (II), and low droughtresistance group (III). Of these, 'Purple Flower' and 'Bloodstone' were with the highest F value and clustered in the drought-resistance group, demonstrating that they had the highest drought resistance capability and were two drought resistance varieties. Interestingly, we found that there was a big difference of superficial morphology between the two drought-resistant varieties. Therefore, the drought resistance of iris could not only be identified from the apparent forms. In addition, on account of the same area which they came from, the region maybe has an impact on their drought resistance.
CONCLUSIONS
In summary, the results from our study revealed that drought stress induced in the increasing of MDA and SP content, SOD, POD activities. Decreased of RWC and RWL were observed in leaves when suffering drought stress. Chl content of all the iris cultivars also changed in response to drought treatment. After the subordinate function values of the physiological indexes were calculated, PCA was utilized to comprehensive evaluate the drought resistance of the iris cultivars in the research. Seven single indexes were transformed into three principal components, namely comprehensive index of moisture condition, active oxygen removal ability and damage degree. The composite score (F value) of the iris drought resistance was obtained. Meanwhile the stepwise regression analysis suggested that POD activity and RWL, MDA can be used as important indexes to comprehensively evaluate the drought resistance of iris cultivars, and drought resistance of iris cultivars can be evaluated using this formula in general. Ultimately, based on the CA results, the 'Purple Flower' and 'Bloodstone' were clustered in the drought-resistance group, suggesting that they had the highest drought resistance capability and were two drought tolerant iris varieties, which can be used by breeders for the genetic improvement of drought resistance in other iris cultivars and provide greening plants for the landscape architecture construction in arid area. And also, our study will provide a reasonable method for drought resistance evaluation in iris and other plants.
